injuries in athletes and obese children (13) (14) (15) . However, little is known about the risk of nonfatal, unintentional injuries in adolescents.
The purpose of the present study was to investigate the risk of self-reported injuries associated with increasing BMI among a population-based sample of Canadian adolescents. Knowledge of the risk of injury associated with overweight and obesity in adolescents will help to guide the implementation of healthy weight programs, as well as the planning of future systems for health care delivery. More importantly, evidence of an association between BMI and injury risk among youth adds to the body of evidence of the importance of primary prevention of obesity and overweight in this age group.
MetHODs

Data collection
The present study was a cross-sectional analysis of public access data from the Canadian Community Health Survey (CCHS) Cycle 3.1 -a population-based survey administered by Statistics Canada that collects data pertaining to the Canadian population health status, health care use and health determinants. The CCHS Cycle 3.1 used a multistage sampling method to give equal importance to 126 health regions from the 10 Canadian provinces and three territories. Three sampling frames were used to select households for participation: 49% from an area frame, 50% from a list frame of telephone numbers and the remaining 1% from a random digit dialing telephone number frame.
The CCHS cycle 3.1 was conducted randomly across the country (regardless of season) between January and December 2005. It included respondents older than 12 years of age, with the exception of Canadians who were institutionalized, living on reserves or military bases, and members of the Canadian Armed Forces. Using computer-assisted interviewing software, questionnaires were filled out via face-to-face and telephone interviews.
The total sample size of the CCHS Cycle 3.1 included 132,221 respondents, of whom 12,317 were 12 to 17 years of age, for inclusion in the current analysis.
Ethics approval for the present study was covered by item 1.3.1, a publicly available data clause governing the use of public release data under policy 89 of the University of British Columbia: "Research and other studies involving human subjects" (16) .
The outcome of the study was the presence of acute injury in the past 12 months, as derived from a subjects' response to the question: "Not counting repetitive strain injuries, in the past 12 months were you injured?" Injuries were defined as serious enough to limit your normal activities, such as a broken bone, a bad cut or burn, a sprain or a poisoning. For subjects who sustained injuries, a follow-up question was asked: "How many times were you injured?" Among the subsample of those reporting an injury in the past 12 months, responses were categorized as one versus multiple injuries. This was used to examine the relationship between BMI and the frequency of acute injuries as a prespecified subanalysis. Accuracy of the responses to similar questions has been validated in football players (an almost 80% accurate recall of the number of injuries) by Gabbe et al (17) , but not specifically in adolescents.
BMi calculation
When both weight and height information were reported by the respondents, BMI was derived by dividing weight (kg) by height (m) squared. BMI categories are based on age and sex-specific cut-offs in children and adolescents. Each BMI was classified in the CCHS Cycle 3.1 as obese, overweight or neither, using the classification system for childhood obesity published by Cole et al (18) .
Covariates
In addition to our outcome measure, data regarding demographic information (age and sex), BMI categories, general health status (presence or absence of long-term physical and mental health conditions), frequency of drinking alcohol, physical activity and socioeconomic status (SES) (total household income from all sources and household highest level of education) were extracted for all subjects.
Chronic health condition was derived from questions to 33 chronic physical or mental conditions. If a subject answered yes to any of these 33 questions, the subject is considered to have a chronic condition.
Physical activity level is derived from a measure of the average daily energy expenditure by respondents in the past three months, according to self-reported participation in 49 physical activities such as walking, gardening or team sports. Energy expenditure was calculated for the CCHS based on the frequency and duration per session of the physical activity and the metabolic equivalent of task (MET) value of the activity. The MET is a coefficient of metabolic energy cost expressed as a multiple of the resting metabolic rate (19) . Using the Canadian Fitness and Lifestyle Research Institute criteria (20) , an energy expenditure of at least 3 kcal/kg of body weight/day was categorized as active, 1.5 kcal/kg/day to 2.9 kcal/kg/day as moderately active and less than 1.5 kcal/kg/day as inactive. The reliability of adolescents' self-reported activity level and alcohol use as part of the Youth Risk Behavior Survey questionnaire (21) showed that the kappa statistics for agreement of responses over time was on average 0.75 for questions related to physical activity and 0.72 for questions related to alcohol drinking habits.
statistical analyses
In all analyses, respondent data were weighted to account for the nonrandom sampling strategy, using probability weights provided by Statistics Canada to account for uneven probabilities of selection, and to provide more precise estimates of variance around point estimates. These weights also included an adjustment for season of response. Bivariate logistic regression analyses (for the explanatory variables) and multivariate logistic regression analyses were used to study a prespecified association between the occurrence of acute injury (yes or no) sustained in the previous year and BMI categories, adjusted for age, sex, indexes of underlying health, physical activities and SES. A prespecified subanalysis of adolescents who reported at least one injury in the past 12 months was performed to study the association between BMI and the risk of multiple injuries (one versus many). Covariates were entered into the final models if the 95% CI around the estimate excluded '1' and is supported by previous studies of injuries, or its inclusion to the model modified the effect estimate for BMI categories. An assessment for an interaction between covariates was conducted. However, because no effect modification was found, interaction terms were not introduced to the models.
After adjusting for all potential confounders, the required sample size that would give 80% power to detect a statistically significant increased OR of 1.15 of injury related to overweight was 9138 subjects.
Based on the model findings, the relationship of BMI levels with type and level of activities of the surveyed youth was explored.
Results
Of 12,317 surveyed youth, 12,170 (99%) provided an answer to the question about having an acute injury in the past 12 months serious enough to limit normal activity and were included in the primary analysis of the present study. A total of 7.5% of youth did not provide a valid response to either height or weight variables for calculating BMI categories. These individuals were retained in the analysis as a 'not stated' category. Among the youths who reported being injured in the past 12 months, 3090 (99.6%) provided a response to injury frequency outcome and were included in the subanalysis. There was comparable distribution between sex (male and female) and age categories (12 to 14 years of age and 15 to 17 years of age). The incidence of obesity and overweight in our sample was 4.4% and 13.5%, respectively. A total of 3104 youths had an injury in the previous 12 months, among whom 1138 had two or more injuries. An important proportion of respondents did not provide a valid response to the questions related to SES (21.6%), but were retained in the analysis as a not-stated category (Table 1) .
Although bivariate analyses suggested a small increased odds for injury associated with overweight and obese respondents, the ORs were not significantly increased in the model adjusted for sex, physical activity, household highest education level (as an index of SES) and health status, and the 95% CIs included '1' ( Table 2 ). The ORs for the association between injury and age (limited to those aged 12 to 17 years of age) and between injury and total household income were not elevated at the bivariate level with 95% CIs that included '1', nor did they change the effect estimates of BMI when added to the multivariate model. These variables were not entered into the final multivariate model. Increasing physical activity levels, having at least one chronic physical or mental condition, being male, increasing alcohol drinking frequency and higher SES (as approximated by the household highest education level) were associated with increased odds of having been injured in the past 12 months (Table 2 ).
In the subanalysis of adolescents with at least one injury in the year (Table 3) , an increased odds of two or more injuries in adolescents who were overweight, compared with those who were neither obese nor overweight, was found. This relationship was not found among those who were obese. The association found in the overweight group remained in the final model adjusted for age, sex, chronic conditions, alcohol drinking frequency and physical activity level (OR=1.43, 95% CI 1.16 to 1.77). Neither of the two SES measures of education or income were retained in the final multivariable model for multiple injuries. Physical activity levels by BMI categories revealed that obese youth tend to be inactive (27.5%) compared with the overweight group (24.8%) or the neither obese nor overweight group (24.8%) ( Table 4 ). This finding is in line with their lower average metabolic expenditures in the obese versus the other groups (3.72 METs, 4.14 METs and 4.17 METs, respectively) and longer duration (45 h or more per week) of sedentary activities such as watching television and playing video games (12.5%, 6.8% and 4.8%, respectively) ( Table 5) . A lower participation rate in physically demanding sports (eg, running and skiing) or social activities was also observed among obese youths than among those in the other two BMI categories (Table 6) . Obese youths had a higher participation rate in lower impact activities such as walking and gardening. This suggests that the METs of obese youths are, on average, slightly lower than youths in other BMI categories, but that they may also participate in lower impact activities (with lesser risk of injuries) perhaps for either longer durations or higher frequencies. 
DisCussiON
We investigated the relationship between injury occurrence and injury frequency by BMI levels among Canadian adolescents. Despite a small elevated odds of injury risk associated with obese and overweight adolescents, the CIs around these estimates suggested that the risk was similar to adolescents who were neither obese nor overweight. This may suggest that obese adolescents generally do not participate in sports that place them at risk of acute injury when compared with other adolescents (the descriptive findings on activity characteristics would support this with reduced metabolic output and increased hours of sedentary activity). In a subsample of youths with at least one injury in the past year, we found comparable participation rates with more strenuous activities (hence, higher associated risk of injury) between overweight youths and those who were neither overweight nor obese (data not shown). Among this subsample, overweight youths are at a higher risk of multiple injuries than those who are neither obese nor overweight.
This increased risk of injury may be related to biomechanical factors associated with higher body fat composition or ill-fitting equipment. The lack of an effect for multiple injuries among obese adolescents may be explained by the fact that obese youths in this subsample still had relatively lower participation rates in these activities. This may be due to an unmeasured tendency for obese youth who incur one injury in the year to being advised to, or voluntarily, forego activities because obesity is perceived to place them at greater risk than overweight adolescents.
In addition, our choice of outcome measure (ie, injury in the past year) is generic and very inclusive. This may have diluted a stronger effect that exists between obesity and type-specific injuries.
Our study as well as others (22) found that male youth and those with a chronic physical or mental health problem are at significantly increased risk for injuries. We found a link between injury risk and household education level -a measure of SES (23) -but no link was found between multiple injuries and total household income. These different results may be explained by the considerable nonresponse rate to the question pertaining to SES in our study.
Our findings differ from those of a 2004 survey of more than 2000 adolescents that showed an elevated association between BMI and the risk of unintentional injuries (OR=1.37, 95% CI 1.07 to 1.76) (24) . In this survey, the definition of obesity included a BMI greater than the 85th percentile, which combined both overweight and obese subjects (15% of their study population was considered obese). Their study sample, although smaller than ours (2363 versus 12,170 youths), found a much higher incidence of injury (37% versus 25%). Another major difference between our study and the 2004 survey stems from the fact that BMI was self-reported in our study but measured in the 2004 study. Self-reported height and weight can be misrepresented, usually with height being exaggerated by the shortest respondents and weight being under-reported by the heaviest respondents, hence underestimating BMI particularly at the higher end (25) . This would underestimate the contribution of BMI to the risk of injury in our model. The magnitude of this discrepancy was assessed using a subset of the CCHS Cycle 3.1 data (482 youth respondents) for whom measured height and weight data were available. This analysis confirmed a higher prevalence of overweight (19.7% versus 13.5%) and obesity (9.3% versus 4.4%) among youth in the subsample with measured BMI compared with youth in the main survey sample with self-reported BMI, and is in agreement with a previous study (25) . A major strength of our study is that it was a populationbased, nationally representative sample of adolescents with sufficient sample size. The large sample also allowed for some important peripheral observations, such as an association between chronic physical or mental health conditions and the occurrence of injury, and also that one-half of the youth reported having a chronic mental or physical health condition. This high report of morbidity is a cause for concern and warrants further evaluation.
The main limitation of the present study is the reliance of our data on respondents' self-reports. We were able to explore misclassification regarding BMI. However, other variables such as those related to SES and activity level may be affected by under-reporting and misclassification. To mitigate this, we included the not-stated categories in the models rather than lose adolescents to nonresponse. The results for these not-stated categories suggest random nonresponse, with estimates lying between the extremes for the stated categories of income and education variables. The not-stated category for BMI demonstrated a consistent protective effect for injury risk and multiple injury risk (95% CIs included '1'), suggesting that adolescents who do not report height and/or weight might be a unique group. Addressing this survey to adolescents as young as 12 years of age may also affect the accuracy of the information obtained. We were, however, unable to evaluate the extent to which this affected our study.
Despite these limitations, the population-based survey provided a unique opportunity to investigate the association between BMI levels and injury risk among a large, nationally representative sample of youth, and provide evidence to support further research that would refine the study design and analysis and address the preceding limitations.
CONClusiON
An increased risk of acute injury in obese and overweight adolescents was not firmly established by our findings. Under-reporting of body weight and BMI misclassification, as well as different physical activity characteristics among obese youth (ie, intensity and type of activity), may partly explain this. To further understand this relationship, BMI and injury data should be collected prospectively to address measurement issues, and to refine injury and physical activity reporting by nature of injury, activity and exposure time.
